Chiral t-butylsulfinamide has been successfully employed for the stereoselective synthesis of 1-benzyl tetrahydroisoquinoline alkaloids. This is the first report on the synthesis of chiral 1-benzyltetrahydroisoquinoline natural products using tert-butylsulfinamide through a haloamide cyclization.
Tetrahydroisoquinoline motif is often present in natural products with a broad range of biological and pharmacological activities [1] . Among them, 1-substituted tetrahydroisoquinolines are privileged scaffolds in drugs and pharmaceuticals [2] . In particular, 1-benzyl-1,2,3,4-tetrahydroisoquinolines are dopamine receptor antagonists [3] . On the other hand, (+)-O-methylarmepavine was isolated from the leaves of Annona squamosa and inhibits the growth and development of larvae of red gram beetle Callosobruchuschinensis on pulse pest [4] . The Pictet-Spengler and Bischler-Napieralski reactions are the most widely used approaches for the synthesis of 1-substituted tetrahydroisoquinolines starting from -arylethylamines [5] .
Subsequently, a few enantioselective approaches have been developed for the synthesis of chiral 1-substituted tetrahydroisoquinoline derivatives [6] . These include asymmetric Pictet−Spengler reaction [7] , asymmetric hydrogenation [8] , enantioselective nucleophilic addition to dihydroisoquinolines [9] , and asymmetric α-amidoalkylation [10] . However, there are no reports on the synthesis of (S)-1-benzyl-6,7-dimethoxy-1,2,3,4-tetrahydroisoquinoline (I), (S)-1-benzyl-6,7-dimethoxy-N-methyl-
1,2,3,4-tetrahydroisoquinoline (II), ()-O,O-dimethylcoclaurine (III) and (+)-O-methylarmapavine (IV) derivatives using tert-
butylsulfinamide as a chiral auxiliary. The tert-butylsulfinamide is a versatile chiral source for the synthesis of chiral amines [11] . However, it has been still unexplored to a greater extent in the total synthesis of natural products [12] . Inspired by its versatility, we were interested to use this chiral auxiliary for the synthesis of 1-benzyl-1,2,3,4-tetrahydroisoquinoline alkaloids.
The required precursor 4 was prepared by following the literature procedure [14] . Accordingly, N-sulfinyl imine (4) was prepared in 92% yield from chloro aldehyde (3) and (R)-tert-butylsulfinamide in the presence of copper sulphate. A subsequent addition of benzylmagnesium bromide to N-sulfinyl imine 4 furnished the 1-benzyl derivative (5) in 91% yield with high diastereomeric excess (99.6:0.4) [15] , which was determined by 1 H NMR analysis of unpurified sample. Base promoted chloroamide cyclization of 5 in the presence of NaH in DMF at room temperature gave the 1-benzyltetrahydroisoquinoline derivative (6) in 88% yield (Scheme 1).
In a similar manner, the addition of p-methoxybenzylmagnesium chloride to N-sulfinylimine 4 afforded the corresponding 1-pmethoxybenzyl derivative (9) in 88% yield (Scheme 2). A subsequent base promoted cyclization of chloroamide (9) gave the 1-p-methoxybenzyltetrahydroisoquinoline (10) in 86% yield [16] .
Deprotection of sulfinyl group from compounds 6 and 10 using dioxane-HCl gave the (S)-1-benzyl-6,7-dimethoxy-1,2,3,4-tetrahydroisoquinoline (I) [17] and ()-O,O-dimethylcoclaurine (III) in 93% and 91% yields respectively. Finally, the Nmethylation of I and III using 37% formaldehyde and sodium borohydride in MeOH at 0-25°C over 3h gave the N-methyl derivatives II and IV in 95% and 94% yields respectively [18] .
The high stereoselectivity may be attributed by the proposed model as shown in Figure 2 . In this proposed model, the bulky tert-butyl group occupies the less hindered equatorial position in the sixmembered transition state resulting in preferential attack of the Grignard reagent from the same face. This transition state is consistent with the observed asymmetric induction for all Grignard addition reactions [14, 15] . In summary, we have demonstrated an efficient strategy for the total synthesis of tetrahydroisoquinoline alkaloids such as (S)-1-benzyl-6,7-dimethoxy-1,2,3,4-tetrahydroisoquinoline (I), (S)-1-benzyl-6,7-dimethoxy-N-methyl-1,2,3,4-tetrahydroisoquinoline (II), ()-O-Odimethylcoclaurine (III) and (+)-O-methylarmepavine (IV) using tert-butylsulfinamide as a chiral auxiliary. The use of readily available chiral auxiliary to introduce the chirality of these alkaloids makes this approach simple, convenient and attractive.
Experimental
General. Dichloromethane was dried according to a standard literature procedure. The reactions were performed in oven-dried round bottom flask under nitrogen atmosphere. Glass syringes were used to transfer the solvent. All column chromatographic separations were performed using silica gel (Acme's 60-120 mesh). Thin layer chromatography plates were visualized under ultraviolet light, by exposure to iodine vapours and by exposure to acidic methanolic solution of p-anisaldehyde and 1% ninhydrine in EtOH followed by heating (<1 min) on a hot plate (~250 °C). Organic solutions were concentrated on rotary evaporator at 35-40 °C. IR spectra were recorded on Perkin-Elmer FT-IR spectrometer.
1 H and 13 C NMR spectra were recorded in CDCl 3 using Bruker Avance400 and 500 MHz NMR spectrometers. The chemical shifts (δ) were reported in parts per million (ppm) with respect to TMS as an internal standard. The coupling constants (J) are quoted in Hertz (Hz).Optical rotations were measured with Horiba high sensitive polarimeter SEPA-300.Mass spectra were recorded on Agilent Technologies 1100 Series (Agilent Chemistation Software).
4-(2-Chloroethyl)-1,2-dimethoxybenzene (2):
To a stirred solution of alcohol (1) (6.0 g, 33 mmol) in CHCl 3 (100 mL) at 0°C was added thionyl chloride at 0°C (11.96 mL, 165 mmol) and the resulting mixture was allowed to stir at 65°C for 4 h. After completion of the reaction, as indicated by TLC, the mixture was allowed to cool to room temperature and then concentrated under reduced pressure. The residue was purified by silica gel column chromatography using hexane/EtOAc (8.5:1.5) as eluent to afford the chloro compound 2 in 96% (6.32 g) yield.
IR (KBr)υ max : 2956, 2835, 1514, 1463, 1233, 1027, 766 cm -1 . 1 H NMR (400 MHz, CDCl 3 ): δ 6.83 -6.80 (m, 1H), 6.78 -6.73 (m, 2H) , 3.87 (s, 6H), 3.70 (t, J =7.0 Hz, 2H), 3.01 (t, J = 7.0 Hz, 2H); 13 C NMR (100 MHz, CDCl 3 ): δ 149. 0, 148.0, 130.7, 120.9, 112.1, 111.3, 56.0, 55.9, 45.3, 38.9 .
2-(2-Chloroethyl)-4,5-dimethoxybenzaldehyde (3):
To a solution of 3,4-dimethoxyphenylethyl chloride (2) (5.0g, 25 mmol) in dry DCM was added dichloromethyl methyl ether (2.5 mL, 28 mmol) at 0°C under nitrogen atmosphere. A solution of SnCl 4 (1.0 M) (27.75 mL, 27.75 mmol) in DCM in was added dropwise over a period of 30 min at the same temperature. The mixture was then allowed to stir at room temperature for 8 h. The progress of the reaction was monitored by TLC and the mixture was cooled to 0°C and then quenched by a saturated solution of NaHCO 3 . The aqueous layer was extracted with ethyl acetate (3×50 mL). The combined organic layers were washed with brine solution, dried over Na 2 SO 4 and concentrated in vacuo and then purified by column chromatography to afford the pure chloro aldehyde 3 in 90% (5.13 g) yield. (R,E)-N-(2-(2-Chloroethyl)-4,5-dimethoxybenzylidene)-2-methylpropane-2-sulfinamide (4): To a stirred solution of chloro aldehyde (3) (5.0 g, 21.9 mmol) in DCM (100 mL) at 25°C were added (R)-tert-butanesulfinamide (3.18 g, 26.28 mmol) and copper(II) sulfate (8.7 g, 54.8 mmol) . The resulting mixture was allowed to stir at room temperature for 12 h. After completion of the reaction, as indicated by TLC, the mixture was filtered through a plug of celite to separate the solid copper salt. The organic layer was concentrated in vacuo and the residue was purified by silica gel column chromatography using hexane/EtOAc (8.5:1.5) as eluent to afford the imine 4 in 92% (6.67 g) yield.
[ 5, 152.2, 148.2, 133.5, 124.8, 113.7, 112.8, 57.5, 56.1, 56.0, 44.9, 35.9, 22.6 0 mmol) at -78 °C in CH 2 Cl 2 (10 mL) under argon atmosphere was added a solution of benzyl magnesium bromide (3.0 mL, 2 M in THF, 6 mmol) in drop wise manner. The resulting solution was stirred at the same temperature for 2 h. After completion of the reaction, the reaction was quenched by NH 4 Cl solution and extracted with ethyl acetate (3×30 mL). The organic layer was washed with brine solution, dried over anhydrous Na 2 SO 4 and concentrated under reduced pressure. Removal of the solvent followed by purification on silica gel column chromatography with hexane/EtOAc (6:4) gave the product 5 in 91% (1. 15 
(S)-1-Benzyl-2-((R)-tert-butylsulfinyl)-6,7-dimethoxy-1,2,3,4-tetrahydroisoquinoline (6):
A suspension of sodium hydride (0.096 g, 4.0 mmol) in dry DMF (4 ml) was cooled to 0°C and then a solution of compound 5 (0.846 g, 2.0 mmol) in 6 ml of dry DMF was added dropwise at the same temperature. The mixture was stirred at room temperature for 3 h. After completion of the reaction, as monitored by TLC, the mixture was quenched with cold water and extracted with ethyl acetate (3×25 mL). The combined organic layers were washed with chilled ice water (3×25 mL), dried over Na 2 SO 4 and concentrated under reduced pressure. Purification of the residue by column chromatography (silica gel, 8:2, hexane/EtOAc) gave the compound 6 in 88% (0.681 g) yield as colorless oil. 9, 146.4, 138.8, 129.9, 128.5, 128.4, 126.5, 125.8, 111.7, 110.1, 63.0, 58.6, 55.8, 55.6, 44.2, 38.1, 27.7, 23 1-Benzyl-6,7-dimethoxy-1,2,3,4 
-tetrahydroisoquinoline (I):
To a solution of 6 (0.5 g, 1.29 mmol) in MeOH (5 mL) was added a solution of 4N HCl in dioxane (2 mL). The mixture was stirred at room temperature for 1h and the reaction progress was monitored by TLC. After completion of the reaction, the mixture was concentrated to dryness and dissolved in water (10 mL), neutralized with sat. NaHCO 3 solution and then extracted with (3 × 25 mL) CH 2 Cl 2 . The combined organic layers were washed with brine solution, dried over Na 2 SO 4 and then purified by column chromatography with DCM/MeOH (9.7: 0.3) to give the product I in 93% (0.34 g) yield.
[ 7, 147.0, 138.7, 129.6, 129.4, 128.7, 126.7, 126.6, 111.8, 109.6, 56.7, 55.9, 42.6, 40.4, 28.9 (S)-1-Benzyl-6,7-dimethoxy-2-methyl-1,2,3,4-tetrahydroisoquinoline (II): To a cooled solution of 7 (0.29 g, 1.0 mmol) in MeOH (5 mL) were added a solution of aqueous formaldehyde (2 mL, 37%) in dropwise manner followed by sodium borohydride (0.38 g, 10.0 mmol) over a period of 10 min at 0°C. The resulting solution was allowed to stir at room temperature for 3h. After completion of the reaction, the reaction mixture was concentrated under reduced pressure and then the resulting residue was dissolved in (10 mL) water and neutralized with sat. NaHCO 3 solution and then extracted with (3 ×25 mL) CH 2 Cl 2 . The combined organic layers were washed with brine solution, dried over Na 2 SO 4 and the residue was purified by column chromatography using DCM/MeOH (9.7: 0.3) to give the product II in 96% (0.29 g) yield.
[α] D 25 : 112.8 (c 0.11, EtOAc). IR (KBr)υ max : 2926, 2853, 1514, 1258, 1109, 754 cm -1 . 1 H NMR (500 MHz, CDCl 3 ): δ 7.29 -7.24 (m, 2H), 7.19-7.15 (m, 1H), 7.13 -7.07 (m, 2H), 6.56 (s, 1H), 5.95 (s, 1H), 3.83 (s, 3H), 3.77-3.74 (m, 1H), 3.49 (s, 3H), 3.29 -3.21 (m, 2H), 2.90 -2.78 (m, 3H), 2.67 -2.62 (m, 1H), 2.53 (s, 3H). 13 C NMR (100 MHz, CDCl 3 ): δ 147. 4, 146.3, 139.7, 129.9, 128.6, 128.2, 126.1, 125.4, 111.1, 111.0, 64.9, 55.8, 55.4, 46.5, 42.4 mmol) in dropwise manner. The resulting solution was stirred at the same temperature for 2h. After completion of the reaction, the reaction mixture was quenched by NH 4 Cl solution and extracted with ethyl acetate (3×30 mL). The organic layer was washed with brine, dried over anhydrous Na 2 SO 4 and concentrated under reduced pressure. Removal of the solvent followed by purification on silica gel column chromatography using hexane/EtOAc (5:5) gave the product 9 in 88% (1.2 g) yield as a colorless liquid.
[α] D 25 : -22.6 (c 1.2, CHCl 3 ). IR (KBr)υ max : 3263, 2955, 2857, 1513, 1250, 1180, 755 cm -1 . 1 H NMR (500 MHz, CDCl 3 ): δ 6.95 (s, 1H), 6.93 (d, J = 8.0 Hz, 2H), 6.75 (d, J = 8.0 Hz, 2H), 6.59 (s, 1H), 4.67 (d, J = 6.5 Hz, 1H), 3.89 (s, 3H), 3.86 (s, 3H), 3.75 (s, 3H), 3.53 (brs, 1H, NH), 1H), 2H) , 2.95-2.93 (m, 1H), 2.82 (m, 2H), 1.17 (s, 9H). 13 C NMR (100 MHz, CDCl 3 ):δ 158. 4, 148.3, 148.2, 131.7, 130.6, 129.3, 128.7, 113.8, 112.9, 110.2, 56.1, 55.9, 55.3, 44.4, 42.5, 35.2, 22.6 (S)-2-((R)-t-Butylsulfinyl)-6,7-dimethoxy-1-(4-methoxybenzyl)-1,2,3,4-tetrahydroisoquinoline (10): A suspension of sodium hydride (0.096 g, 4 mmol) in dry DMF (3 mL) was cooled to 0°C and then a solution of compound 9 (0.9 g, 2 mmol) in 6 mL of dry DMF was added dropwise at the same temperature. The mixture was stirred at room temperature for 3h. After completion of the reaction, as monitored by TLC, the mixture was quenched with cold water and extracted with ethyl acetate (3×25 mL). The organic layer was washed with ice water (3×25 mL), dried over Na 2 SO 4 and concentrated under reduced pressure. Purification of the residue by column chromatography (silica gel, 40%, EtOAc-hexane) gave the compound 10 in 86% (0.72 g) yield as colorless oil.
[ 4, 148.0, 146.4, 130.9, 128.7, 126.0, 113.9, 111.8, 110.2, 63.1, 58.6, 55.8, 55.7, 55.4, 43.4, 38.2, 27.8, 23 (S)-6,7-Dimethoxy-1-(4-methoxybenzyl)-1,2,3,4-tetrahydroisoquinoline (III): To a solution of 10 (0.417 g, 1.0 mmol) in MeOH (3 mL) was added 4N HCl solution in dioxane (1 mL). The mixture was stirred at room temperature for 1h. After completion of the reaction, the mixture was concentrated to dryness, dissolved in water (10 mL) and neutralized with sat. NaHCO 3 solution and then extracted with dichloromethane (3×25 mL). The combined organic layers were washed with brine solution, dried over Na 2 SO 4 and purified by column chromatography using DCM/MeOH (9.7: 0.3) to give the product III in 91% (0.28 g) yield.
[ 147.5, 147.0, 130.8, 130.5, 130.1, 127.1, 114.0, 111.8, 109.5, 56.8, 55.9, 55.8, 55.3, 41.7, 40.6, 29 (S)-6,7-Dimethoxy-1-(4-methoxybenzyl)-2-methyl-1,2,3,4-tetrahydroisoquinoline (IV): To a cooled solution of 11 (0.16 g, 0.51 mmol) in MeOH (3 mL) were added a solution of aqueous formaldehyde (1 mL, 37%) in dropwise manner followed by NaBH 4 (0.19 g, 5.1 mmol) over a period of 10 min. The resulting solution was allowed to stir at room temperature for 3h. Up on completion of the reaction, the solvent was removed under reduced pressure and then the resulting crude was dissolved in water (10 mL) and neutralized with sat. NaHCO 3 solution and then extracted with (3 × 25 mL) dichloromethane. The combined organic layers were washed with brine solution, and dried over Na 2 SO 4 and then purified by column chromatography using DCM/MeOH (9.7: 0.3) to give the desired product IV in 94% (0.15 g) yield.
[ 147.5, 146.4, 131.6, 130.9, 128.5, 125.4, 113.7, 111.2, 65.0, 55.8, 55.5, 55.3, 46.6, 42.4, 40.4, 25 
